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claims priority fromUnited States provisional patent
application, serial nunmber US61/098, 734, filed
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[0005] One heterointegration method involves replacing silicon (Si) channel with high-maobility
materials for CMOS devices, for example, high-performance devices beyond the limit of device
scaling. However, planarization is typically required for device fabrication because deviations
from a flat surface can lead to device fault and/or different device characteristics within an [C or
different device characteristics among concurrently manufactured devices. Chemical
mechanical polishing (CMP) of the selected laftice-mismatched semiconductor materials is an
option 1o smooth the surface of the matertal. However, the CMP surface must be smooth and



| attice-m smatched materials in a confined or

sel ectively grown area (e.g., an active region of
crystalline materials), which may include planarized
mat eri al s for subsequent processing. [0006] Further,
there is a need to reduce the surface roughness of
sem conductor crystalline materials. For exanple,
there is a need to reduce the surface roughness of
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[0013] Therefore, it is an aspect of one embodiment of the invention fo provide an epitaxially

grown semiconductor crystalline material with a reduced surface roughness.

[0014] An alternative aspect of one embodiment of the invention is to provide a
semiconductor crystalline material with a reduced surface roughness at a planarized (e.g.,

different) semiconductor crystalline material.



epitaxial growh of a strained, |ow defect crystalline
material at a planarized sem conductor crystalline
material. [0017] In yet another aspect, one enbodi nent
of the invention provides a process for preparing a
sem conductor crystalline material wth reduced
surface roughness for subsequent processing and/or
sem conduct or devices including the surface. [0018]
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and in trenches and (b) after CwP. [0024] Figure 3
conprises Figures 3(a) - 3(c). Figures 3(a) - 3(c)
' ) 3 cross-sectional TEM
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[0022] Figure 1h is a diagram that illustrates a cross-sectional schematic of an alternate

configuration {e.g., confined area for crystalline material) of an ART structure.

[0023] Figure 2 comprises Figures 2(a) — 2(b). Figures 2(a) - (b) illustrate SEM images of (a)
as-grown Sis,Geg s and in trenches and (b) after CMP.

[0024] Figure 3 comprises Figures 3(a) — 3(¢). Figures 3(a) - 3(¢c} illustrate (a) SEM and (b)



cross-sectional TEMinmge of Ge on Sio.2Ge0.8 in
trenches with the 810 C pre-bake step prior to Ge
grow h and (c) the magnified TEMimge at Ge/ Sio
2CGeo.s. [0027] Figure 6, conprising Figures 6(a)-6(b).
Figures 6(a) - 6(b) illustrate SIMS depth profiles of
oxygen of bl anket Ge/ Sio.2CGe0.8 (a) w thout pre-bake
and (b) with 810 C pre bake step prior to Ge grovvth
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[0032] The formation of lattice-mismatched materials has many practical applications. For

example, heteroepitaxial growth of group 1V materials or compounds, and [lI-V, lII-N and [-VI
compounds on a crystalline substrate, such as silicon, has many applications such as

photovoltaics, resonant tunneling diodes (RTD's), transistors {(e.g., FET (which can be planar or



nmobi lity channels for CMOS devi ces because of its

hi gher carrier nobility conpared with silicon (Si).
In addition, conpressive strain in Ge was reported to
show further enhancenent in carrier nobility likely
caused by band splitting and reduction of hole
effective mass. Significant inprovenents in device
per f ormance have been denonstrated using
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150 in the crystalline material 140 can decrease in
density with increasing distance fromthe bottom
portion of the opening 120. Accordingly, the bottom
portion of the second crystalline sem conductor

mat eri al 140 conprises crystalline (e.g., lattice)
defects, and the upper portion of the crystalline
material is substantially exhausted of crystall|ne
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for Amp(roeé&rréeet@les@a&em nd? %s&sf%as@/use& Dtk Akh? %@ﬁﬂtngsy Jt@@wao@h of the
used to trap defects whe i taxial gr ow ng

opening My 519 k8" ges: e'P.aéPthfm@twﬂM@ fm'd(fh%fﬁ@%?pqnm raav be 1 m or

less. Tﬁdc’r}mﬂln@gﬂayt t%:ﬂaﬂhéwh%a trterﬁoﬂs(ﬂﬂlﬂherié\ﬁdt?@of AR rehdh rdﬁﬁ:h@ﬁ‘Snt to back
the rati re

as show thl{ﬁgl.jreq'q) |§d@ﬁch %s%g? ’8"{‘H@U %o[ns{n}g%elddo h%yer@gnéﬁcular to its
length @rderetignt. Tihauendth oatﬁehmmgilﬂ mialy bB@&Sﬂrebi/ eAltediiativBig, tAS @@gth of the
vencn 53868 8l U G0 e PR G
times largay] erdeedtecthan f P@tiread lagem loamel egioplenthe Gmgtd «f tiey trerehean be
t han one sem conductor material (e.g.,

GaAs/ | nP/ I nGaAs) such as first, second and third

[0038] m?é &%%e%é t‘ém%{enécg h}% 5348 %Hn'n '126 rhs@& toGE?a dé?écts when

['ess t ave bon
ep'taX'&HVl ngethﬁ §ms§a§|nfe@na,§er@ﬁ,gq ﬂd%nge‘\%ﬁ (:ﬁspﬁfé r attolirarpﬂmmat@éhm@llfes

(Aspect f%tl@%_\li("ﬁ@ 8&kincl Y6 HtRBENLIIBhd BB lor @XAREEhAGT /t%ﬁh’ﬁ @%@n ) In such

T techniques in which this inventlon
a case, iR BInF6Y rat'%@am ORI O .aﬁhwge it pogsibigtfordpp ReRast f25 to be

lower mNRT ddided 36r d2nplé blsedn B@é’erﬂﬂodurﬂ@ﬁ@he%Ns(hﬂ%e%@a’ieﬁdl H@@jcan

X 26, . 2006 and 11/852, 078 filed Septenber 7,
include %I ifferent semiconductor materials or more than one semiconductor materzal {e.g.,

20 pm,

GaAs/InP/inGaAs) such as first, second and third materials where the first material can be Ge



U S. Patent Applications 12/476,460 filed June 2, 2009

entitled "Inproved Epitaxial Gowh of Crystalline

Material"™ (Attorney Docket no. ASC-3001XX) and

12/ 503,597 filed July 15, 2009 entitled " Polishing

of Smal |l Conposite Sem conductor Materials" (Attorney

Docket no. ASC- 3003XX), all of which are hereby

i ncorporated by reference. [0039] The substrate 100 in
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oun oun

filed M@bﬂ%@@ﬁ@ 11/48% 3fpfiled Joly 26r NS GI”V 14185REHB §ler PepigtdeGa 2007, and
U.s. Pé’“ebn@rﬁén@aﬁaﬁ@ @§76’16C9‘Hé%yﬁmle\é Q@@@ﬁgﬂgé IPnBﬁJvH&iépltéla@ér jopth of

- oun i ncl e alum num p
Crystal{nm qﬂjaten@l atyomyrgmggmod%sc(@p;x qr}qid‘qZ(ﬁQSD’ﬁagngglé 15 2009

entitied* |F’Uﬂ)}hm@bi@ﬂ1§l”®brﬂﬁ§s@c@ isdfnidonbi@sion M%hélb URHSHELDbERt no. ASC-
i um arseni de%(él nAs% al um num ant i noni de

3003”%%?@5%Wh‘a“a?fﬁhﬁfﬁbamqomﬂt bY &&B5®: i ndi um ant i noni de
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such ag Qérlﬂ)anlugaédd/mmlmrﬁ rel gjqo()(,‘aaslﬂlbon i Tiehi autyatailintzrmh lerizf B 40\hay include at

st o4 D516 ) A B0 B 53R RA S Y B .
Exampteg|of groud &/ (eiZmEeDs maixai&rﬁrm 1B sed exantdes GdBa)p, Veadpbumis include

SiGe. é)@'ﬂl Vers'o‘#ﬂl \(/ggr-ﬁg%undéilﬂ?:ﬁ.ld%lélhjrﬁtﬁt?ra%%Q%bdfg(?ﬁ’_?,hianﬁh{yphos%?zde

and quat ernary compoun
(GaP), |ln%unn afmphlﬁééidPh@tum@nﬁ aisaeide 451Aa), gallign arrendk (§adu) andinm

arsemde‘?{m%} aﬁ@ﬁnnurﬁéﬁ‘ﬁm& @A@b d‘a”f’lk',llnf"&r‘ﬁfm @%SB)OTW £H‘t| nide

thin ayer t hat con undul at i sur
(inSb) taﬁ%f@uks%fﬂ?rata@daﬁama@wqwugd% Fxaretes oﬁiﬂglwﬁ@ﬂwnds Include

alumindirh higde’ @I SgAUNe XigRl( € ail) Fdilth RBHdR (ﬁ\‘msérrd%&r t‘éh%?y af¥@s
openi ngs/ recesses/ trenches 120 etched into

quaternaRneqRUads Garamales e awwﬁr:’ay@wdf@wcwa@mdaé%rﬁe) zine

telluridé Cﬂ’nITE)d c@ﬁﬁlamfsetehﬁiefwbsé)r il Qelt@né CdeN Girk Quitif®(ZnS), and
face t $ of the etched substrate 100. he
f ey o

the'”eﬁ”ﬁ@’uélmgtq”ﬁ %t’)‘d?s configured at the bottom of
00401 ¢ (PnPREP RBl-EPEL i b afEERR R REaEh Pl getder P

exampler e irslilaton enaydedonimadd.of althin tdyesthebsmforsis dewalihdulatin saface of

the sub‘éﬁ&e oﬂ %\H’\llc@lt rea?e\ée rqu]%AE@ 13 tE @U?tpa%?g Qrﬂ%%gn {fk?é/ lngﬁcg) Ri % %L@s@rate that
has 0p¢rmqwaca§96%tr@“@ba$ éztbetpfmlouonmm&gasapwm& aoems:tating tayer 180 has
been foE%@cﬁTEnj:r@éé’th@ @Uéétr@&g fbt()' é%ﬂf%rrﬂfngttﬁ %e%‘?tﬁbé‘%é nglrg@'xyad? the  etahed

ortions 160 are | strate owever
substrageh H0G; ﬁ@émsu{ﬁﬂn@werntﬁo i perdiaeied at rewtiem df the qp@dmgwmnches to

expose%ﬂlﬁﬁé €60 éﬁh@gtﬁlﬁsﬁra{é f@@%n subtsécﬁfeﬁfjlaﬁkemﬁhét&?e@rcrystalE|ne material.
ss-sections for the openings 120 and

inthis e PEvEipa Fdts '”Slﬁ’@iﬁ‘@ii'yeAHSQsﬁ%B? Fed by desseition on or

o><|datrdnrbf‘ﬁ’(§ éu@@trét@ 100 é@@é;@dwot férrﬂedj BY h%@ ArBel p\ﬂt@tcﬂﬁo@ﬁphy process.
Cr yst a seni conduct or
s 1%5@

exemp 3Ry soPlaatsha B B apEEg T Guuins Ry s aaied hovever

embodigenisad thdudiaption Sierotidtend 8l &f vy ediinyitddnfor gxampwe fasiotier linear,

tiered o n%f %mear crtg]s%sseg{rc]m%%]a%%%t uos%d rfn%'ttr?er ogemrbgas% 28 ang qu porttonsqso

[0041] An embodiment of the invention is directed to a device including an epitaxially grown



reduced roughness. Preferably the grown first
crystalline sem conductor material is conpressively or
el astically strained. Preferably the grown first
crystalline sem conductor naterial has

| ow-defectivity that may be simlar to the underlying
second crystalline sem conductor material.
Preferably the second crystalline sem conductor

first cr;gPat ey sgll“mcoécrit.g e];ng%gryat! oﬁt{éo ?riﬁ?sg?({ %ec%%% gx&%tﬁli!ne semlconductor
surfaceg Fy@‘erabw!tmfegrswmfam pguEtioe sersgpiducr omteribehasl atapadface with
reduceg‘rrée@gﬁ%%si. gpe%rjléhig%} rB\%J HFS?(C} 5t3|H9«{19§t? gon%(;gtjo{ l%at%HEI %C €.
comprasgivelii@r elegtinady strakeds Brﬁf@ewmthgwwmrﬁéwamhwnmmductor

materid| 'hgéfow &Hfé’c?tl(/ é%aﬁ%&:%@%H%é&{nd@ r?g? s&bng stlafﬁne

uced odi nent nvent nitis
Semicoaw%@ft%ew %re oéha aeépmmquh@alwes@wemﬁa@tertr@ﬁterlal is different

from th@ﬁ‘tb@h@%ﬂalhﬂ@ niEed:Rl. 'P@éfer%\é@rth@ pRhanakise8shd crystalline semiconductor
|atti ce-nmi smatched material in an opening 1 n an

surfacq GRg HeIGANEd WG| PG 3 oo chiReoean Bl 18, SurprauSra'ateblig

lmpurm@s @f Q‘Si&te‘ﬁ%@é b@tm@bn We&é&c@l’fd @ysﬂﬂfﬂd SImiedndactoexSEPAI Y the first
one exanpl e i ncl udes

crystal PR SRS ORI RR PAISRBOT (o g, S Co al oy
100421 B e ionSBLF FRBR AT HE T he T RLNYIN
crystaltmlaammmlal deariacar(aeized attamﬁﬁatchéﬂmamumm arabeent0n maynhsulator.

Figure lﬁ’?sﬁ% ré/er%tﬁeyamp[éa Hu%ﬁ%'a%os%%%&o%b\ﬁéw b Eortlo%eof%n exemplary

nsu
device. n@ﬁsfmwsn &ldurena, e exaraple Irsnlwllas e @yaﬂalle’leemtemat 140 (e.g., SiGe

alloy; Sﬁ.r@te?ﬁ 'ng 2(316[,3?9'95'%1{1&1 §L:.u5ﬁ°&'9{33 1;158 i | h%%ggﬁ%&%Q@ﬁefIn%@ |rl fh%‘?nsulator

'|xh sta I'ne mat eri at sone
130 fOfr@argmaS@U@rmt@e\mo(@@ t\WeSEp: s"r@ﬁﬁa@?él’aéﬁ 1G0v8ey kg @ﬂn@@@me

matenaﬁs@h%asr Eicéﬁ’ e §rl'§afp@ﬁa% Qﬁﬁf[@cﬁrajﬁiloy s F%@éréﬁgﬁﬁ neh- cH@t%ﬁlhe $aterial

surface of or i ons of ecr stalline materi al
such as,p diefegisic mai%ru’si' W@ﬁ'“ﬂ@@comﬂ”&aﬁ'ﬂz ghide ke dihe @W@@&mematenal

140 at @BMSE 8brhé Bt@ggﬂﬁ@é |s@r|faob%ol/§th@rt@(f ﬁ!lr?:gé ¥ RE@MbEER. A planarized
er|a

| The
surtacs TR EHESCH gt SR e CoRTLET G e HP KSR B 140 g he

insulate@X pb.ahn adéRampbasicoidubWerystalihasaserial 19 i$ prfealadieplovided

over/at gﬁr?ﬁ@@“es’?’%%b%l I4'Qne material at or grown over a

(e.q. an ART structure) nmay be

one) S ARS8 A SR UL A5 SMTATTED o P B P
surfaceg gf & a:tme@efecﬁt strhiped! atystatiee magmat @ hve drogm cnfeyspailshemetructure (eqg.,
an ART%&%T %éﬁ/tb%rob%&ir Wit rﬁhééa' rRee30 r@@g ﬁ’\@‘}g@w E;ao%sgreptlon

cryst e materi al |n|ns ['at or
further @@S@ﬂ@ﬁwaﬁml@qﬁWw(@dﬁweﬁw th\eé@ttm Histhatahed at@wstalhne
semlcoﬁmﬁﬁ%a@ériaﬂvitﬁﬁa c%hﬁrne‘a%gcé o é}?&‘?aql Jﬁétbﬁ’sﬂ 1468 whthin insulator

connection wth specific ma rocess

130) myahupreped or P&OV\WP@ with gregpifedeniface q’f@facf%@ti@es“@hwﬁh thig

descnptlcﬁw |§%ﬁé’ﬂﬂné&%nQﬂﬂhyspeéif‘@'m%!%ﬂHi's@nﬂ QFOCE% ;%Pﬁ%ét@%r ﬁ%litﬁb apparent
e invention to such nmaterials and

that thegleR bR AT BBMP R0 SO HATRS RATEPPALSIrAS TP EERRLo

such mpefiasehepocedy warareedrs or the Ge grown as discussed in
connection with Figures la-9. The starting substrates

[0044] usEe followlily siatatinlk anwe benceds parameters were used for the Ge grown as
discussed in connection with Figures 1a-9. The starting substrates used in this work were



crystalline silicon, 200 nm di aneter and (001)
oriented. A 500-nmthick thermal oxide was grown on
the substrate. The oxide | ayer was patterned into
trenches along [110] direction of the silicon
substrate having 200 nm w dths. The trenches were
formed using conventional photolithography techniques
and a reactive ion etching (RIE) step. The patterned

crystal@'l‘é%{cgr‘rf‘}_?;éﬁ a‘?h etté}eaﬂd géflﬁ?ﬁ%'t%d; . fE E@(ﬁﬁ @gr:‘ég’ﬁx’errgﬂ %xide was

I ons se
grown ph thersobstrate anreesmdmlessermsvsuerbyd RiEtrevebeagloogrpl Pistiredtion of the

silicon Qﬁ | R tethating 261) W v?h a‘f’ﬁé fréﬁdh@% Wl Qﬁﬁ%@ﬂ‘smga&gmventﬁ al

sequent ute cl eani ng (e. oxid
photothraphm@phmqt@smdﬁaé’@@q-we aeteom ) Hen-elhe peittgrned substrates

were tHEhQ@RRhBYinRFiRAE MEL andidff@e |¥Ws%f@109é’%qu@9%?‘ ﬁ@r"nﬁvﬂ BPWn
chem cal vapor _deposition (CVD) E)ose

b
fluorocgipga fsitugs cansgd PyiRIE wRe aeFastripias) using s%f?nnmdns ﬁacair*cmlsmdatlon
and suﬁwubmmuﬁamnéwge@g T §Xt(§%\/@cl’®y5ﬂ1@ﬂ'hbﬁre%cihﬁélgﬁtQ\FHsaﬂQO Am

wal |, si ocked reactor with a
afer tys W“ﬁsﬂwd@@a&ﬁ?%vss&s SR e SERI4Y P CheEgH! vapor
deposi{@04E5]) Sh the2iz@osdl SiayiBsteate\es @, ig tweriched)he alh ME0stha $Sat

r-for 1200 sec u
Spsior g8 FoRRer Srar D PR S b PLARRar S0 Yalieg-iocked
reactor(vidHpmdiHeated draphitblBustedtor hG0§6atltizdtleor 0si | ane
(Si H2Cl 2) was used as a precursor of germani um and
[0045]si 1SicbRy s lngmpwetd grelvy in thattehgés @bedd dsamd 8 Tarefot 12 Wsec using

ASM Egél P“E%@bo %ﬁ:‘ﬁéﬂ%La‘F@adQ% z'taég %&tc‘r%)& fm%eo G?aﬁe)hdnﬁta H, and

rmed to nm ayers C anar  wt
100% geitsorilane (BiHrge) avastusasd Baa grecesor ofA;ermarruuro pg6licel, Lﬁ'apyctlvety

and hy@r%@&%@é’ﬁﬂt@ng@és %Hénﬁ‘%)l M@@ﬁaﬁmgoilsw%lg @I\fﬁ-l;f@p&SlG’e{% Yak S

a commercially available colloidal Silica
performgd fp MAkA SRA FiFedamshs capbnasivith eddesifewal sing témsba A

Nalco :mblstulr@ n70nrEtdiBRIEI MR hvas NHONalce @Bsﬁgarrﬁ @l atlédnﬁﬁler%m/

the diluted slurry to enhance t

a"a"ab?ee?@?f%ﬁ’ sfligg Boljsaingtsiuy "eyng ﬁ\ébe'fiioé?e""@? aawgheﬁ h Weous solution.

Either leamd, SHHOH)éoﬁHiQ@E@cﬂﬁtlogutvﬁé e@lfie@ﬁfthg Nalte® slagﬁﬁb enh@Add the SiGe
tive na, t I nder was del onl ze

removd R te ¥ (oes seBirholip 65 E0H B P RGP P eleo 2560,

part chemical adiaities ey ltias ipn@lmaepwece@snméd winer @iy astbaagdin®iCo 100% of

the slu %®16%%%ﬁe%ggﬁzg€MP r%c%g E%SES%HQR%P;@&H%Q%% @ a polish,

ramp-d@gh dhd rigeer  si ngl e- waf er megasoni ¢ post-CMP t oo
i ncl uded a contam nation spin-off, process tineg, ri nse
[0046] tAmexemaiady BEsit&MIT glean, meing the Vasieg @oldiingkesingiewatsoniegasonic

post- Clﬂp‘{\&:ﬁ nQdciud]ea%Woﬁ% tho%bﬁ ffaﬁro@esrsqm ‘f’ifﬂs tirha, St ThR dRPYme. In

be used. After megasoni ¢ pos ean process,
one exgmpgie SVU%%SP@? @@wwfé 2e\Verd dy waerat é I”thtoééi 7Ht/mig é‘FﬂYtqedWEd

After thzmeé@as@q;@soslt B cléh Sroces2nBRYEdH 60 wiB TIahaVR aQﬂuted HE
anar. Si 0, 2Geo. 8 at 350 C and at the sane press

So“‘t’orhsﬁp e 2 58 layghie § b P Orthig qugr@yiboq%a@rg%@@ﬁ@ at §§%tc and at
the sanfy ﬂ)r@ﬁsu?@uénﬁtﬁth@%a@ﬁa@@&dtbr SURPSI, 1G4R gravta Wikt pRaTH e, Ge growth

step n P PR EnAREST REIGr HaIPRPLEL T o TR dF C2BIBAT SBA N Gt te

same gwaﬁh gfeswmeOHorsamsaawaﬁrem wastgmun oh I@.empr\nmfésaMhoustr@anare bake

step. S? rau(r)w rﬁf Eieg QOSZ)Q oﬁl qﬁ%)ee)?](q?}iglcv‘?a&z e&ﬁmne r‘r? hi%?es%%ttignr rrgc{p])?o%al

space map (RSM) of asymmetric {224} peaks using a Panalytical X Pert diffractometer.



space map (RSM of asymetric {224} peaks using a
Panal ytical X Pert diffractoneter. 9 Scanning el ectron
m croscopy (SEM and transm ssion el ectron m croscopy
(TEM were used for the characterization.
Cross-sectional scanning el ectron m croscope (SEM

anal ysi s sanples were observed using a Zeiss Supra 40
field-em ssion SEM Cross- sectl onal TEM sanpl es were

ScanmRé%@?h '?EK%S%E @@I\@élng‘?r IﬁSl%Igelg&g dlwroi%\ﬂyéi%!g?%ere used

for the phayacisiaspen. d‘pesmecngwascmmgle%ctrp@mq:sclép@L&EeM; @l pis samples

. , 0
wers o8 MRS 20,8 S BRI 054 s wer
prepargsf byt iechpnisahe@blong aebAgion silisoard the FBM imagdaeee éﬁkeﬂm a JEOL
JEM 2%‘ﬂ|@roséép%fk{§§€a?mg£h ¢y face of the Sio.2Geo.8 grown

over the oxide trenches was very rough because the

[0047]C Oﬁﬂgaﬁe@@é%nefz(b?'sﬁe@ @%9680 swlﬁléxqa@heﬁ&n@p befor! ahdthief %'E:o :Geos
own _in or_ exanpl e, coal escence of

CMP, "??P@Ctgieéy Eé@é“@agq@sof&*?ﬁﬂf@ﬁﬁ S50 <df RRANCFOBP SHEREPEINegYide
trenchdsn-The 8Liesseast tROSIL 1aH ; @fomlnhﬁ/er Bl QxRN chels vals WiyGat @tdbecause

arrow 21 AsnD CGeq. 8 copl anar _wi
the coRBRoRIE Y SiehBe e oL SETAF REA S TLe® TP &F Gheh o example
coalesd%inge gﬂthb)sm.zmmao:a indcatadi Hyadploes 2‘06]r heidvai aredh-Ealgicombbrtion of the

) and . devi c a i cat,i ons. Figure.3(a) is .a

Sio ey P EGRl FRPY 4 GE A TR R S PR 597 i apgnes was
obtaineciggitea@ &P asSihowl @Gelbig82(bh m&tn)qhdssmhable(idfr%‘amﬂ-ngmWﬁIand device
appiicaﬁ&?s bake step prior to the Ge gromh. As shown in

ure 3(a), the Ge gromh was selective w thout the

[0048]f OF'QEIE 3‘?55 ?E d%érérﬁ’ F%@mﬁstﬁigest S@I‘gﬁ'nq e Jﬁhaﬁ\‘:‘rél dﬁar.toﬁlangihe

I ne “qual | e I nt er ace

Sip..Gegdn sma%@raﬁf@s WEM@'?@J@@%%@@DW@@@OW €® ﬂw Agshpyindn Figure

3(a), thg(dé)grb\ﬁthawéy s%c@ﬁ@ Wt {Helfb‘(%a%@r‘i 813(3@[5%83 8 Al TEEWhiuate
on Sio in trenches from Figure

the Geg(vasgﬂ“m%ug'ﬁbw e *rrf?@aces?( @F’S‘vﬁﬁe@a Ewbewgmwawe@r@erformed
Figure §( GBP&)a disgamtthat |1Iu5tr§be8@%@s§é§ﬂonblmﬂﬁ e oekasd 6@9@%’80 gin

b 30
voncrelt gl 48 BhghadinsReaia, Feihe B g 12
Sio. 2Ge§g£¢£xsfttanm:deamér? rt]raa@bmgmtiﬁ'en‘eeml@u@rasln&ncfat@ﬁbyoérrowassosﬂne the top

nter I.n In

part of@ 5802%868 ig e fr ﬁe%ﬁ%o? staf_xr%Ey ugf(%?efggts gr g&regéu& Eﬁis The
interestirtgahing id tbsitthatfmsGa omagmnofithe 8i, pBedt; isamt efmodthe Figure 3(c) is a
dlagran? {h%Tc‘ l‘cﬂ%lss[%gé | 49 %gﬁ%m&,ﬁﬁ’é cro%%%’%cﬁor?% *‘%M I%gge 85 Fei%tére 3(b). The
magmfiemreag‘eaahewwt ii\;geﬁcw!’mtd aSiapr hGutacs batween Kdi awdtBdGoys as
mdrcat&rbﬁnr dé??’gv\;gg’% F_E}éﬁ%gtéﬁc th& ﬁaoﬁéﬂﬁg%ld c%lghlﬂ? tp?d’&gd&'leg %gpge

res (f crystal Il ne resu
crystaliiunﬁ LBy f@gui&e mquhn@arcftm@éué@ceea@eemmfaﬂlyy”qsmeém Bigeigs 3(a)-

3(c) gré\moﬂhglglo%@eé%a(a) 3(c) grew on the Sio 2Geo.e. [0049]
To deternmine a pre-bake tenperature and a

[0049] ccrrd&&@ﬁma @greeéa‘k@@émwam@arm@&drﬁe%p&fdﬂgl“éﬁ@ctcée?ﬂh@ Guahty of thin

Geon %‘P %ﬁﬂOé %%VF &@Ee {'?’ﬂ% PREOTEEE R ﬁgoa"r?dfor PreMnetaafye aCe HER)W‘ and
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of Ge on cobjlanaraéio gtq_;eo 2N oxNe tren(,gnes with the 750 °C pre-bake, Figure 4(b) is a cross-
sectional TEM image of the Ge on Siy,Geg s of Figure 4(a) and Figure 4{c) illustrates a
magnified portion of Figure 4(b). in Figure 4(a), the SEM image shows that the sample surface
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of Ge on coplanar Sio 2Geo.8 in oxide trenches with
the 750 C pre-bake, Figure 4(b) is a cross- sectional
TEM i mage of the Ge on Sio.2Geo.8 of Figure 4(a) and
Figure 4(c) illustrates a magnified portion of Figure
4(b). In Figure 4(a), the SEMimge shows that the
sanple surface 10 is clean with a good growh

seI ectivity of Ge. In Figure 4(b), the cross-sectional

s e i GBS gab eIl e Y EonlarePLIR S ietatong! PEH image

shows Fﬁeg(ﬁw ByS(is nuctHemesteer, thamﬂnp&?eeidyetrowﬂhhet tde pechakbsep shown in

Figure EP:SeH!J\Mév%g c§ g % ?th% deﬁ‘&?fr%u%o?ﬂ?mg wr%%al Ebgi C% %%reshown in

I's nore I've and
Figure 4(c) &i mere @afeﬁh\@mr@éh@d@‘e@%%ﬂalnwylﬂmed frofhee/Fagnediige face.

The médﬁﬁ%@ Wﬁége':éfgﬁ% \Aéc‘g)shaps() 35} lﬁﬂeﬁ%e éd&t!ﬁ'{pas | nb%ﬂpeen %nd

ur| I es |cate
Sio zGeasr Fodiaged brAtiew 40heTisothe 7;59 éC t@éﬁcéa@lﬁ\ws some Improvement in

the quéllmf‘?dlr@@%% diflGel P@onﬁ’dé@éd tb)fh@éetoh'g‘o g8, %o@nqgﬁﬁgre%(a

conpared to the Ge on Si 022Ge ovvnlnFlg

Howevey a%m%vel:ﬂaf oy e s BRBoR o RIGRN e iaRdPe s sb%n in

Figure AR) flal e irR0f ciond@aRatalefdchondrayendraea s $B@WE ol impurities.
Figure 4(c) may be insufficient so that defects were

[0050] geMeriateeding Ir@m:\lahef lhtﬁtf@d’élaﬁ;btaitlei; ammnytteme que(hQQﬁ@S]e p-bake

was Bl BEHBTACE B P 67 v car B nuleet R ERe T Alaoi) Fioure

(a) is Sm@g@npthabﬁuatrete@eangﬁmwma@mﬂ Gelm gopianbt Si; 18® ; Bt tienches

o h
i S E G HN B A AL ED R0
Figure p(a) end HleunerSé@cfheB’atewmgmrﬁled smomopfflgurbaﬂ(@ ABishowein Fig. 5(a),
the Ge éém)lg égrfé'cecsrh?ﬁé [95&9 ﬂo@ﬂ% ﬁleog hﬁ cﬁe lA%r%hown in Figure

ure ustrat
5(b), thg Gedgyar dpesingi shew @ﬁﬂ@ﬁblm fSﬁC@ %‘@bi) simiar toHieguwinderyiry gefect -free

SlozGegE’g(tﬁ‘)ermsBh&’efé@w‘rﬁanﬂe@ntéH&&aﬁ%tﬁl‘ﬂ@é"@@%&ﬁ’tlﬂh@%h’n F:g 5(c as
sel ectivit rom shown 1 n Figur
Indicates{ iy an qrype %é |W@ve%@§ntﬁ6@'§mwrwé§ Ptiiawed( @@r%@@ less than

ones wilitilit b&-15ikBlol fhe drélbéltbeat%d@di lajh B@ e tae-thé B&neration of defects
defectivity, The_interfaci

compareﬂ,g%%ptonggwgfp%lt ger %q#%oytl‘@%g\ﬁalﬁatﬁsa °(35(T @)Js fgre- bakeI at higher
temperatoel @af, @doba)f @lg lasd @Weﬁéﬁemﬂ@%\’/Raterfatcﬁelm;irﬂ]lhﬁég‘ea@e&mozGeo8
urities. o ure C than ones
ntertact PHEL SRR o G Sl bralbEof dre et "and di'd not
c 0 f ct S red.to e on
[0051] Wﬁ%&iﬁgertgg E%ﬁ?\}a'[ f .hciéecge% boa eter? c@%o%t:eﬁ.%@? pée-gécke, the
concenfsgi@nizdkeygen 6hb ghtbe Gea/Rimsim atves eepeurgd Usigd Be@nderion eash

specto Qopg?%ﬁ\ﬁ&egﬁgmé%é?) Ing dg@earn\%gl%gr%'ms RS als%ﬁe?tﬂﬁedepth orofiles of

h shou
380-nmethigk Gl 1By ah @rogmadr h@nk@f SigGoy eftergdOt°erere-pelobard Without the pre-

bake, ré&paEHALE AL Qﬁomm@lm; @(a 60), %%swz SARRh ceﬁcénﬂg@am%'a@khe

mpurities concentration of

GelSio (30, geierTagis @bostHoc 1) HPOSHEREY Srariid Toukie balstn Ssvalgyoror o Ge

growth, 32€ Qéﬂ%xygén%bnﬂaﬁ%tioﬁ Q@& hL'tRS BRRY, .ol MRerfakd QYIef?04t8hs/cm®
rans that illustrate SIMS depth

W'thou@i‘eo?rﬁ%@g ojf—hls @35[ IRRicRiRS e eIPmsRICeRFIRA a(t)[;{webrptglﬁ%‘@twas
reducedbPaldoe0w8 caddrebf rBi@NQH@éf&TW&(ﬂ@jerHah@ Uhisb NRusprated in

Fouros g R R SRl A SR 5 Ak Rar S8l Beebrane seonm
Ge layerr ph dref laardet 3i; gbmytaydr. x 1019 atons/cnB for the 810 C
pre- baked sanple prior to Ge
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grow h, but peak oxygen concentration 625 at the

Ge/ Si0.2CGe0,8 interface is 2 x 1021 atons/cnB w t hout
the pre-bake. This result indicates the oxygen
concentration at the interface was reduced by al nost
two orders of magnitude after the 810 C pre-bake.
Also, illustrated in Figures 6(a) and 6(b) is the
conmposi tion amount of Ge 635 plotted by depth through

[0052] 12‘13’? 8%%%&\1@_%%% chf lnt%[f]acHaZe bl nggrgq %sg?lﬁlgeggougﬁtylo?&%,r pre-bake

was perfopogd 2ti8&8 *amdorctoyGst ngthmdqttarasu&s ok sieyn pridgsbaled-7(c). Pre-
7 DL t . :

oae o8 PERLPLIB A oI EIAE P L SR LA RE o

dlagrar@thﬁiy[ugtéqt@& #n peMdmagp pke bh poplast Sich@eqiirectidkisenches with the

870 °Ctp$%759{eaf:léﬁ?e 7(6) @ léro?osz.(s%}mdr%l Pemth Ay @f'ﬁ]\é aé'bglst? Gegsf £igure

strat'es an on topl anar

7(a) andFigie de) ﬂ[k‘%f?&ﬁe%mﬁﬂlﬁ'ﬁeq wlOfB‘?f(F'qgf Pré) balres TH)gflMs@ateS that

Ge/Siy Zcﬁéa)s Sﬂgcgﬁg & t?éw%;n@@%edm%%i unﬁﬁ%brﬂagﬁg @t tlehén 5§€er & 870 °C pre-
(0]

CSZ gure ;Cgﬁ) [l ustrates

bake a%d W&&ﬁ geuHh- pfdQLtr?%ﬁ(bbF” Fém@wﬁtﬁef&iv o iMRrigpe 715 is curved

or rountﬂahbl%hibﬁérﬁ@llyt h‘@hted@@u@ﬁh‘@uﬂtﬁ%@;eﬁe sdundiel Heeaid), Jdeﬁgllﬁféﬁ‘éce. The
nalo the rench after the 870

0
resuls SRR Bl FHe! BB RaE e B G ae oD e piadioe
impunt&h ovryt\:\lmtcoﬁﬁér@d@o Meﬁakmét&dsvftétct@mﬂék&ureﬁ e in Bgure 7(a)

noweudi R AR EePET GRS b Er e or AR s The
surfacestidhvinGeSiFEedsrrasy mdt a)wtaMe:ﬁ)r tendbiecappcatibatf tHeteak8 Téingerature is too

pre- bake renoves interfacial inpurities very well
conpared to the pre-bake at |ower tenperature. As

[0053] g P?Né!&ésnﬁbéé: }Zc%gﬁﬁesg(v@s chgl%\e‘erI%%?J tgﬁlegf&%Q%&%éf&d‘earﬁlgroscopy

I'S not sul
(AFM) withp Veasd BimensRuS10G Figyes 8¢ and 8ibharecidasro thekitlugratmgtomic

force mrt%sc%Hé ta meagés &@él@%‘ﬁ?&? ir ﬁ:@'{ché’é"w:'tff 81tda@ aRa880°C pre-bake,

turoe IS Fg I e roughness
*"@SPGCWEB’ E H%ﬁé%?eﬁr?i)ébedo%“ﬁ %iﬁsﬁkﬁfi%@é) %ﬂ @mf%otmae@quare (RMS)
roughn8asC WARA Q@N be (:é%ELMtveabhl tAe WERIGRak®, WFQM@WOM@.&:S &"t@é’éﬂ@c pre-

are diagrans that illustrate
baked ?%?3&%‘8% %rfagc\m&%h 'lew?st PHEGES highergyedp §asbeta g the
trenchesr enches with 810C and 870C pre-bake, respectively.
The 810C pre-baked sanple resulted in a 0.54 nm
[0054] r ofss depeeiedsaioae dhé ReBRyer nbergstaessmaahialicl leaatmt Beme stage in

surng Y8R LA IS LEMMIRES: BB RUBIRP B hyanny

hasasgmqeurnmmssgﬁms oﬂl@estr@ntm@n Uesbithart $ om, eboingn Bhe, or less than 1

am or,ésrsq,qg;h?e? m(0054] As described above, the Ge |ayer of
tallin

high.

crys e material at |east at sonme st age in during
0055] | TiSoQrk B SHeb8ES 'H Sl i trench
[ ]sur?ace th)((eﬁkhg.ﬁea@a@ere (190l c ?e elrna I Oéssur em rencnes

was sugesaRfhiydaRicripg &ﬁralr@é.%emafﬁarv em?pdirr@g of ﬁ%&rans SHae cwe%%

eva!uatédf‘@ﬁn Ri -réﬁoldtn@ﬁﬁsﬁ\m&‘p#} PREKDIFid B8 B(d Qﬁ&m@{zﬁ}nﬁ@r\fl of 42-nm-
rom such exenp ¥JSPOC€SS con i tion

thick G&EF S facni il 51D BRI 81 b U PUTES Kif B Pic ) beaks of thin Ge

and Sig2Geg s in trenches and Si substrate are shown in Figure 9(a). X-ray diffraction
measurement was performed along and perpendicular to the trenches to evaluate strain of Ge
and Sig2Geqsin both directions. The {224} peak positions of the samples baked at different
conditions were plotted in RSM for comparison as shown in Fig. 9(b). As shown in Fig. 9(b),
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was successfully fabricated. Strains in exenplary
enbodi nents of Ge and Si Ge can be eval uated using

hi gh-resol uti on RSM of {224} peaks. Figure 9(a) shows
{224} RSM of 42-nm thick Ge on Si0.2G00 0 in
trenches baked at 810 C prior to Ge growmh. (224}
peaks of thin Ge and Si0.2G08 in trenches and Si
substrate are shown in Figure 9(a). X-ray diffraction

r or d aI on and endi cul
theoreftRERAHETER betf s 5t BT Ee uBrai 8T SRR apl Shudige. s
peak wilibeplotdiedlon thetdasims, Im'érbet\r\{e%ﬁéﬁ}i apda@l& ppolsi |h|f'~ﬂ)g19(h)f but ftevill be on

the dotﬁ@%@}oﬁ? sgﬁé%%qwoﬂ'haiq} Jqu fthe&%}%{’uﬁly gtg%g%}? ﬁgﬁ ﬁgfﬁn%&slgﬂ

npari son as S
partiallfregaxed (@bwaye_ta w:llH@@teebetwaen {re249 Ilrwal{:r@m@q iB0n sit ws Bund that

both smg@i c}"?é &rd b ainkh a@nﬁ% q‘%ﬂgﬁ{e&%ﬁl il 8¥ed! 1S

| ocated on t I ne’' between SI and

perpen%ullgé@ﬁge trﬁwqugectg:@b)ln aggigon; {Saov{aepgh ismest fullyelagest pgrpenglicular

to the tPAIn@R&k éiéhfmﬁtﬁ@ut'ﬂr% B&%Je ok tHe*b%ak BYSHoni s‘iJ}@&, i ShaltHé tr¥nch
st rai ned. peaks partially rel axed

directiog e AGReF 1 A 156 BODSL S8 IETOMRER R MIFRIES | =g relaxed by

higher fentberdi(rie)paké.t Fr‘&ﬁﬁthé Qiﬂtil e doEﬁhnt caRbiatedi f@n?fi@cpo&n@rﬁlgf @(224
are nore str ed_.al on tetr irection
peaks, T PO RRA BHa Ak SRS 11 ML e SHaN plgng and
perpendiddiat foahe tr&ich.ddEetnBrdspedivemst ful [y rel axed
perpendicular to the trenches even w thout the bake
[0056] buks Hesripehibqyesthe iGenaadr oStrgstaiBaom8teabias prinke ot¢rem ahthe

sncoriig S Al B RgERRR o RBBR DL AR D Rlghaee
constamtabpetrfﬁ’o emelles &lee. Gé=r Dra latiee-ninataein dun skample edl vy at ed

approm éﬂf %rl?gﬁée{? tRE! &fce%%églﬁ% cﬁé@lﬁ’%}) g%gng ngé}ness of the Ge

layer 0@1 \ém |b@t rrefesably rémaﬁ@ saifigienfhiethisesvah gt e streintipgaintaimgsh [n one
embodthdn@Ghd BB iaybES @@)ClE M8 dbly LORa&120AS: thes G leké‘é‘fjtuﬁ‘u*?rpt\%k at least

t he | ayer of stalline material i's forned over or
TOO”méﬁ'CI‘% Preat '%ﬁb@ﬁnmth@ lattice- m snmat ched seni conduct or
stalline SiGe has smaller |attic
[0057] co GNgAMOQHNENt Aldg gﬁggifn& m@tﬁaﬁl el haqﬁ@stlc stram at least along a first

directiohpaibh & sédopmatr&diion Tpeidéh&c@é(r&ﬁ'm&ﬁrw difectit® of along both the first and

second@u%rctﬁoxnlts nare% %&! tlh% ﬁ%’lf])é{i% 8{5%6 ﬁgi%reéteﬁ} A%Eqa E{a{‘\ oggtﬁ?/ast 4%

compressilve piraf eloadpthe frrﬁmarect&nsmbf leest@ri%h,\at tdaish1% uathedshats, theast
0 . nmbodi t, the Ge |
asocorBfBslin AV E RGO SBE 20nm thick, at Teast 4bnm

: _ :
[0058] vag\ﬁthlg%e %ﬁa@?p‘ler%é'rg‘&ﬂ&t 5‘{09 e 800;?‘5?&@30?% n% IBQ F%l%g gther

materi a4tade For emnﬂplgtwhe@@@ﬂawllw geevend by SV agimpegrdsor Group
(Al Ga%%‘&z @ro%SQ/O(ﬁdAéi's[z@rPéé GQAﬁ(N 5@'{&5& %f inafad hgaafph/i(ssﬁnp GaP,

rection or al ong I rst secon

InGap, m/-‘ﬂ%%? PEng. grwteftféﬁ%mﬁtyret ¢S08BPA R IS @,or@fa”w espsitto gty sufiicient

growth lraﬂé‘@&n 4 Yeanrdt sh@é&%‘e Rbcofdirdtto he@®er @)(amﬁl@rfﬁéésr%!at’éﬁais may be
rain al ong irst dir eC|on or at |east 0.5% at

grown t?ye%gl? aya (%mpgfatprgégsts thap S04 °Q ¥ LEP- Soﬁ%d‘fﬂ?f‘@é@‘m/@veé?lp@”ﬁﬂzed
first cry8alng miakial eqaded tHeQ@Inbékﬁ%uré eley pr%hk@oﬂ kres&ation process

{e.q., c!gam%) QQWS ar ﬁeg?plef‘a grteel‘rclj th 8&135 before trﬁ)e%rovwg step is grefenabqy mEPependent

of the growth temperature for semiconductor crystalline material to be used.
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materials may be used, For exanple, when epitaxially
grow ng by CVD conpounds of Goup Il (A, Ga, In)
and Goup V (P, As) such as GaAs, Al GaAs, |nGAs,

| NAl As, I n&Al As, | nP, GP, InGP, InAlGaP etc., a
growt h tenperature of 500-800 Cis normally used to
obtain sufficient growh rates on a bl anket
substrate. According to a further exanple, these

oos TEALCLALS TR0 So ML R APl e o

GaSb, Ai&bﬁnddm%tai tha eratamaltyegrowh by Kolewrea blabiet stimstrpeervethur growth
tem perEa@Fe ﬁwl?ﬁe Férn 1a -Rio &f ﬁ@@d}fﬂhé ¥y Rlﬁﬁé’eeé%gTﬁeEtehgse ma ehlais may be

eani ng a er tenperature in
grown g Pt gtt@ppergturﬁle$8ehhatb HO0 P aeHBSTE wheh greien g\retﬁm%anaﬂzed

first cry‘é%ﬁﬂ@ nga(té}ra? ﬁl&ﬁe@?%@t@%‘é&h&é f&rtﬁ(esf)r%lda'k@@r HRb& ﬂl ;%r&%ss

use anot her exanpl e, conpoun
(e.9.. 0@36'0@ aj tplghE(rA@mpqgg urg 'H)Hrzéﬁ@ heies ﬁwe\gr@\gb)stqmg Rrefasablypdppendent
of the OWAA téﬂﬁerbfﬂﬁbfo?@é!m@&m@léioﬁ* @Pgb@lhhé/ QW ko DY u@é@ on a
| anket substrate with a growh tenperature in the

[0060] T angenmfxerdé&emwOGEéudeﬂmmn@@c@ kfdh’;ﬁtbﬁﬁlly&jﬁ@ﬁmbyeCVD on a
blanket| Sé@gtrqtﬁ g/ﬁ v&h 6§rx%@)tur 6?1@ r\méeno g%BBV\H@Q/ge(f rlgcorgmg to a further

examplpl thnsy maedals maydde grows brlCVONe artaimpsraale lebothar 600 °C be400-500

°C wheF gn@v‘% g\%ﬁ%é%ﬁﬁnﬁazegﬁar%t% g\ﬁ;éak?hr}e nﬂ% rﬂﬁt ﬁ? aé\?etﬁltﬁﬁt a’rgngca‘?ure for the
pre- babe:irq»r@atdien gravash(esd. epearsngpat dighealeinperatde peindms] befok the

. | .
orowtn S 6 21l b PEBELAGH S tieRiip PRI ARBRES L Pl Bfgtatine
materig {9 beNisednpounds can be epitaxially grown by CVD on a

bl anket substrate with a growh tenperature in the
[0061] r anyganhersyample] Gowpd-VigeEwodndfcandeepftafigigrown by CVD on a
bIanket@&B&Fﬂt@w;tﬁ B%%tﬂ'?én%éré&h?e i8NG BRI -BYo @Qc@&rdﬁtg to a further
nperature | ess than 500 C or 400 500 C wh ﬂg
examp’@vté?seamﬁﬁeﬁﬁ'émai & FPWRPY EMPRE Al e PRratviR lgps @F‘” 2 V%Qr&oo -250

°C wheh I@&Mrecm@eé@tama@ze‘dqrrsttdw%tau%enéaa@ tl%w&fe@ AiR¢ Rkrpemature for the
0Ccess I n her e
ore-baify @B RriBh BideaSs Brbuaaeriiad OB e adise | Hise e e

growth efeptiierefsran indémsmpertaf meegrf)‘mh i@ pranndise ‘S@‘h!conductor crystalline
materi g?yst al |dl ne material to be used. (0061] As another

4 tf?‘plf Goup II-VI conpounds can be epitaxially
[0062] grgw?og%(ed‘%\%gmﬁlg ﬁrou?ll\?g‘%% %‘s;%gitcfoﬁ'&)gﬁp{ﬂétéa %ce:%r gé&zﬁy grown by
CVD oraa bianket@ubst@f@wm egrowq!eMQmateﬂeiirat?@ remge Qféogrlavwcby‘\ccordmg
toa furﬁ:rgp%ﬁ% e, Q@E@%a@éﬁg ﬁemhfﬁé rby2(,5\93 G é’fenﬁ;g%t%é Qssthan 400 °C

rown over anarl rst cryst
or 300-ARf ‘@Wbﬁm grpm/@wra plﬁth?éfo—*@ﬁvB@ rcatsm*l@ewertahem\p@\@r Bk e

tempeerUrGQ‘Breﬂﬂ@rp?é bR Fﬁ?&ﬁ?&ﬁlo(\ Brdtess felg?atﬁédﬁgwgaét hl’é‘hgrl"t@ﬁ]perature in Hs
rrperature In fore Wt

gas) befﬂ* B HBWY ﬁt%éﬁ@f@ é?l't’ 'rtsirep?wn@?fdw grof"é’}ﬁ%‘rpﬁ'fat&fr% faror

semicoS@BtdF CRAIMIE maEsNLPiodd ks, material to be used. [0062]
As anot her exanple, Goup IV el enents and conpounds

[0063] carm*sefoemetcmu;al\l yi-gr mmaﬂmyn VOVReasls & &dcarkpte with the above, it
e int

is prefeﬁ%g%}tg g(tbter@ces&@go p%t] awgelastlcalpps? %%teg r!ow defecﬁayer%a\%ng reduced

surface roughness be provided according to embodiments as variously described above.

[0064] According to embodiments of the application, low-defectivity, compressively-strained
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to a further exanple, these materials may be grown by
CVD at a tenperature less than 400 C or 300-400 C
when grown over a planarized ART crystalline material.
However, the tenperature for the pre-bake or
preparation process (e.g., cleaning at higher
tenperature in H2 gas) before the growh step is
preferably independent of the gromﬁh tenperature for

Ge on ﬁiﬁl@h‘e‘&’% % cgtéaﬂj' c%}!icﬂsie—tirr?r%‘gsr iﬁ? g NQT Ee&hﬁ ueﬁ was aé?? ved. In

one exgeplry amgodlmeradwwemrm’einwieahnélh bighdyave-pake tempsrature may benefit

interfadd &fa?éd’téj%n? ﬂ%%d %‘%ﬁ&ﬁ%ﬁoﬁeré&@tﬁ)f a1 \ﬁl:éagrt 61‘0(@(5[ {;c}nfined crystalline
stral ne ect ayer avin UCG

materl?'é@fgﬁn@srs uwcmtan}y bigt saré@@rrdugi@esaa(rreﬁ)bdmemn@@ah@use of the

high sUHRES %@Wes‘%%ﬁ ﬂehgﬂc@pﬁﬁgat%n %t%@r@iﬁ]thé%&?né’d Efgsttamne material that

enbodi ment s of ectivit
Can“"@@rfﬁ'ﬁé%%d feaughb §%hﬁemﬁ@wnfmseefh@h cprasyhise ienipdd renagbudget for
ademfﬁﬁéﬁﬁghgﬂgbﬁcé%lde trenches using ART techni ques was
ieved. In one exenplary enbodi nent however, an

[0065]I nels ea&rmgdj Yodvegh®iie nﬁsocbmkﬁtstaeémmh@tdme aHﬁMah&ﬂfb%‘eUtCMP and
face characteristics

2 propg g} AR EHE OGO LY BB IPRG DO R er St ars phgacterstc
or to otateiighadualitg Subdtarmigily defemdee aptl abbythiregicondlidiaraystalline material,

rouevG USRS LR IR PR Pl U8 T 08 o B oo ey

be used He operfribndideot, ysprabdzherm cleahiagipadceshparior te teryotwtbef the

crystalirn%l rﬁ&éﬁeﬂ&b??]%{'égr? Ot Mﬁl[lt Cz;]%%g ?ﬂa % pqg%aﬁeegl%céss B be at
er mal budg et ni'ng 'or pre-

least 1%13%@@913 Fonpoﬂwst 3%8@‘98@3 Ipb@adat iﬂaew%mlf‘sltﬂmor@mwamm imutes long

or at [eB&CONHhDEs io‘?l h’?a F&HEEH %Hlpoce;&@ Qak(;'\@m?@r%tur@rangfa can be a

preparatl on rior 0 cryst
smalleryapyR Hithip of ﬁﬁhﬂi«/@oaeeln*%@@r@w@rt@reperatugq lra@ge dp Oﬁeexample

gases lﬁah@ihﬁ h{?drgﬁer%éw Hetwse§ UPSt SRR, hydr8gdesis |ﬁér?%sad'b%bznatlons

snoot h sem conduct or crystalllne mat eri al owever
may beiRsd dinRRREXamPle. HSFOdeRCRMABET h BEICEET NifiRptRgRsEn be used.

Accord\halth elBo@iAees, &P ke ipficeEY @drSrelBL leldfs biS@Puritled a8 Blanarized
ﬁ enbodi nent, a pre-bake or cleaning process prior to
SUracq he gromﬁh of the crystalllne material 190 |asted for
1 her, exa ak roce
[00686] HE%)% ﬁq to Efnébog cgf é!a%ﬁ ggetborqglow Qefgecz& i C ressly dgtramed
Ge on ;bqjuaged aip Gama &tbridated imutxels-tramnges @ting /éﬁEtecSmmewﬁmdh@ngd In
t o
ohe ex:%f}%i_@baa b%ﬂfﬁgﬁ%gorc sﬂt?’%eg?aa(!r?ﬁ)r%g%oanﬁﬁwg%r]n%rg&ﬁ{ aﬁég%uﬁd 7@0 Cto
860°C. i a Rirthepexasnley latnreybeibm/rec*@swnankea teynmanathret rengmb@tvamemo"c
to 840"@39 Whge!HRRIE 5BY |8%O°C gﬁ‘%qgmbé}g F@ér@gndqé’ﬂf 898 such
be used. For exanp rogen an I nert
temperatgricRaes Yyagot |ﬁf§9d%to@§§@ ltn’lltﬁd ape t@ymﬂu@e rangq wélgery with
materizb PRI QB IidRR a@ﬂ@gﬁu% BbidaBRNR, giﬂﬁilcpﬁlﬁboh%o%ﬁ%e reduced {e.g.,
According to enb ments, a pre-bake process can
Sio. 1Ge¢9é®%rqsew'@ BIPEAR Tatn%é”aéitm%e%ﬁeanar i zed surface.
Accor di n to . enbodi nents of the application,
(00671 ogﬁ%}'%emw G AT NS saTeRsLRY cBaline materia
having B@édu&h@dur&o@ r&@aaes& ﬁ@hbblﬁb&fcﬁﬁ déﬂc@@rﬁ&néth@f&be@bm@nﬁ@and
ART te hnlqye was. q eved J
using the same described above disc osed undoped semiconductor materials. However, the
present general inventive concept can be applied to n-doped semiconductor materials or p-

doped semiconductor materials at known concentration for devices such as those described
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one exanpl e, a pre-bake process used a correspondi ng
tenperature range around 760C to 860C. In a further
exanpl e, a pre-bake process can use a tenperature
range between 780C to 840C, a range between 800C to
820C, or a tenperature around 810C, however, such
tenperature ranges are not intended to be so limted
as a tenperature range will vary with materials

tions actually used. For exanple, should
abovemﬁsﬁlﬁp%g%tent be reduced (e.g. Sio.,CGeo0,9), a

[0068]COkf &ﬁgﬁ?ﬂ@d fler SRS hANIE ﬂ%abé‘%@?ﬁ%ﬁ ébg&%ﬂﬁ line

d@fect%@?n cﬂwoﬁb@’tf%ﬁ?eaeiﬁﬁ ﬁann!rmeremn dbblalAltetnativahg caystadide catkrial 140
may hai)érd‘ l%%efé&f‘%ﬁ@ﬁ 8f ab%ﬁm Fen gé'f‘é{:tQ/Emd &v1 >ﬁ Gsdé?%qsc{ PR Hodss

for fabricati ng usi ng he same descri above
Alterna§yely |cosiading rﬁ‘%%’@d 1@% fie §A GUeH@iakalres ¢fane defeeiaenedior plane

defectd. h@corzﬂlﬁ@ﬁﬁd’ﬁe R RNt Wﬁ&!ﬁﬁevrﬁat@ﬁ’él GOPkarf ﬁébebaed @Q&ilvi'tﬁ d
doped sem conductor materials or

characke DRt BABUIES Bie HHERA TSRl MBAdRc &9@@@% iatﬁwtylP"é?”V added to a
semscodeuctt@reﬁatsmhb laﬁretah@ﬁs?cm@éléa‘rb@fg elé&roﬂ@@:\/ﬁ)le\!ﬂ td’é i§ URddr@bod in

ine art o pﬁf&@ﬁ%@“*ﬁ&@@ cplry d?%gﬁfaé%%tcgaﬁ%d qfglude dopants.
100691 3 8 B BaF mae Ui RV S e s i et S gectviy

com prﬂsai\vely@trlalna@Gd@héhdz%emwm ;aboéatabmwkldﬂaxﬂeﬁé'haiefsegt,ﬂﬂma&mques.
/ .
Pre- ba&@sté}? JnI%I Fﬁgﬂ" %b@ré% %bé)r?g'@a abnaAé ﬂbs{l :;\]Ntlt?é é)lx%és tr]epcékgs 3f;h|eved

substamtlaﬁ:ed%f@ﬁé@@sanéﬁmoeth @e.aden de:ie@cms or M@demm@tw@wea ®o low
below ﬁi@b@dFéﬁ?d'\}tal of%{téﬁécﬂl 'irhﬂﬁmg@!é\fe(ﬁéf@' m&%%sﬂﬁié%nfresultmg in

def ect|V|ty characteristic e un
defectivg Get FKYIeREO R ERI wqm@duwofm 8. xé g any'po dl 1|0y5’y cm?@mthe 810

°C pre- békeaWh%ﬂ 4 S B ké@Tﬁfe‘raﬁu reliQtob MigheReL1d <, & Qﬁface was
el ectrons or holes); as I's understoo

U”dufatﬁﬂé”%ﬁﬁhe hegandt e OpefiIS6S Wa inciaaped BYIP ;i Sdde .9&4 am from 5

X 5 um d&frsatsmgwtcﬁmamrc@mmbséab@ménﬁg ﬂh@‘bbtﬂq@m@@a@&?ér@ baké Q@@t%]oc 42-
mbodi nent's of

di
ek P R B Qe RV PV TS ShBro ¢ e g el oo and
perpendeulanto Sidtr&Ga @llrSthaSre%ﬂéU‘tiM@aﬂads i ghiRYintketd 4RBRIMSo the

519 S SRR S QP55 B, s

wymﬂhmkeﬁwhegaawhﬂuwmdﬂx@gbstant|aIIy def ect-free and

snooth Ge. When a cl eaning or bake tenperature was too
[0070] | ofnsilignal GO B BBVICE m’aerb@\mdx;e@sed totiralfdacinadodirmgnte ofttheeimvaattion;
therefor@eérﬁb@c@r@@ﬂ B a¥ASed IRHLE I EbEnY Plﬁcg Et%lcpgw!:& ac%gnfftgl%ttb Yife

%/ geén concentrati on was
'nven“qnd”tﬁg"% efovty EHBSwyocese may de f@Fpﬁ*@db%ﬂ(@anena silicon CMOS

procesé?&a%afﬁbrfbgte@en@é}ﬁ@u&t@r’@ﬁﬁc@sl('é §. Erénéﬁ&smr%rbn‘?é’ { geSJoa&cél?ctrode

surface was undul at ed g renc
contact :‘“B@g%’éﬁs R&ors Wc%@é@@at?@mﬁﬁsms%d% t@ih@@nﬁh@amp@fﬁr tegigtion.

FurtherXst/@ciarassmarns méwag a8t ahg td &5&&@&4@@&%}@ caHSderL&e& s
pre-bake at 810 C, 42- nmthic

'”*egra%r%f‘%"éi 5@ oF PeiRdeoieRs Ragey PR AIMIGS o rpide variety

ofmhmﬁxéﬁﬂmahastlc strain along and perpendicular to the
trench direction, respectively. Thus, enbodinents
[0071] acis=oratkchapotve, thisénvention has a wide variety of applications. While not limited to

ART technology, this invention has many applications within ART technology. For example, use
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i nvention have excellent conpatibility wth silicon
CMOS because of | ow defects levels, small [|ayer
t hi ckness and a | ow thermal budget. [0070] A silicon
CMCS device may be processed to include enbodi nents of
the invention; therefore, enbodi nent of devices such
as LEDs or photovoltaic devices according to the
i nvention integrated with CMOS process may be

jcate Far process can

l e, . il (
of s BB AN & e R SRR 080 R e 2 e Hly BrSirah s aponis
within & mmatos ©ee g hotlaof tbd Setand BiGe Iaqe:ﬁtnaﬁ/tbe’mb\ﬁn lmam&bm@h@é with
the invgrgcgol%ra%d%r nﬁaagr fhgpe § E?r‘?a%'e%? Fgc%cgac %8{; tLeé;g /t-\ gvtaﬁe vy Sﬁy eog devices may

ation ration.
incorpeiptg/tos inettleod $Vhile @oklmlm tb@@esﬂehloe&d\eentmﬂommm,@e@amcularly

applicddfe tH?r‘ﬁgec{ Q§nai 5@5@%@% | Ry ﬁec%g or§ r&?grqﬁ}n tgﬁrgﬁ% idcgvewes light

regi ons generati on
emitting g|o,d@$ yasepfliogeh ezsoappltintetingodiedes qy@p@pto;a@tarwmj@d:eameclally

those Jshigsﬂxmﬂfé@mdi&lﬂ k&gﬁcﬁoWS‘éﬁaIW '1?/%37(%7 f@é%i%/‘l@%d?omltled ‘Aspect

e not limt T tech nooy hi s 1 nven

Wi
Ratio TFRRPI AR MG SEALARRSRANY 1 RPIRRIPPCSAEAHA dgp6 ¥ fled 9126/2007

entitledceXaIGHte F |e1tSEﬁeclﬁraﬁ§|stb R f§miéﬂM%21§g|@& HERY g’tg&a’p\;\ﬁlﬂ?ﬁ d\gbﬁ’catlon Serial
Si

e strained over a
No. ”@égﬁtorf&edt SBORTT e SiplieBt Toremine e on g C reHis e Lattioe-
mlsma{ah@b Se;%oh@mrﬂmayrebe APpadtioh SeASI0QY. daBzssswitdy 1d/1te2007

it D e R0 s DB RS B VR S s

and AppltaiiomBerdlNon12/¥W1 16¢ ieaie/8/ R0 Siged BhboesEistan SRR are a
nerety ¥l ETLY PR orpituhe iy iey o PRI 8B & buia B mev

be particularie bititeg. deV|ces light emitting diodes, |aser
di odes, resonant tunnellng di odes and photovoltalc
[0072] day |r%f@rs§fn0%@ﬁ@lé isegdificatiarhio SenamipaglinART,” f arcemibdciggnt,” “example

embodiftiPt ! EBL NSkl Qbarh&lar#&ét&%?g%h{ b gd Q/aété@gt%%escribed in

entitled "Aspect Ratio Tra
connecligihvit K asdimeny pan kaainElye rqombmd in atlse@@mg@@mbpqir@@nt of the

mventlcﬁf gﬁé gﬁ%rarﬁ;ﬁﬁ bt dueH phrbkés ﬁaﬁaﬁofs' pﬁé&s’-ﬁ feGhedi c.aaﬂér'\ §rte°r{o§

pect Ratio Trap [ication Seri al
necessagy 9% 1GEP0B0NE FrEaCTPoNED0 gt Wi patfier deature, structure,

or chara'cummb i@ sDEMEAGR Sor@idetidal Wlmdyserﬁﬂoﬁjhnén@htts*\; Q@Gmitted that it is within
ctures'

Str
e pure BRI o5 B34 Skt PG u . Stesir et oo
connectidsi with ethat ditegrof theBasediniaaw. cesthinidie Liat ddse of oh@r@ahsdhed

crin FSGGRTSA%h D B G0 Y55 BT OB 57 BB SEL B ese
separatgyldehrmatecamrec@iures dheule oyt inmmnspm@:ﬁsembcbysahe/fcﬂﬂ@rt&@em&nt in
their pe%n%’(én%b n@h&t’@@{n@ﬁr&c@d Wé{s ﬁ%y%?%%ﬁfzt? AR EA! SedI in \é i gshﬁ'erﬁgt:ve

e partlcu Yy Sul y re ere
ordering, ﬁﬂrgulggp@@qsﬁyi elst ingddition, eamgplgWab@grateaﬂlpgtra‘tananous methods in

accorda%@@%h@ﬁ{%m enfRIR FesdBAMLLRL! Su ar ac aﬁ“fﬁ{éﬁq Jyhat a

partlcu ar eature structure or C
embodigiggts e desdiped bespinseinp GAd &Rt he epricd imeritaveendingapraetus

embodimBAisUSKELRF, HEOABhBEEmbsiRENts %?egrtnot%@noeeﬂt%’gé RRLd Bkrdobe

i nvention. The appearances of such phrases in variou
[0073] plmamesgh Rw dieoRipesitd braad br@@erﬂr‘rﬂ/eﬂﬁﬁn have been illustrated and

described, it would be appreciated by those skilled in the art that changes may be made in
these embodiments without departing from the principles and spirit of the invention. The
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necessarily all referring to the sanme enbodi nent.
Further, when a particular feature, structure, or
characteristic is described in connection with any
enbodi ment, it is submtted that it is within the
purview of one skilled in the art to affect such
feature, structure, or characteristic in connection
with other ones of the enbodi ments. Furthernore, for

e SRS HRAThA% po BRI Mo DB REEE I
limitingtdnebe invertparieselbed deteim avplofthe pwentioe ss tbhminmdauedﬁ)y e
cooon BN BRSBTS ARA s Ly v
the meg@'n@gmq mhge af equivgienay oihe g{ainvseareomtg@tfeidﬁg be embraced therem As
used |nstrE‘éllstc%gﬁr%u@ule%rmetp?eferhEly’aigwoﬁ 1eQBysid &4n% ”?r‘e@é@y”%ut not

| ustrate vari ous ods in accordance w

limited &HBAMEENTE clEfmg shouskhesdivin theis Brogdest dtergiptatior senmstent yith the

generanamﬁde cONHRBCAS BRI oPthaw %séj@e%%ﬁ bmdm@xsﬂnae% RImaREbLpRA” and
plied to correspondi ng paratus enbodi nents,

CO””eﬁ‘oWé\‘)‘é’P”VQtﬁ@S FP@fer?&f‘r%HWo‘Pr?@H‘i‘%‘e 8P st %”Hﬂ@ﬁﬁ%td to be

connedﬂbnﬁ@i&cﬁ:@hﬁd@%@@r}bthe{r%iﬁﬂ)leﬁklhhhﬁgfgéhdf %Wu&uﬁ'@odéﬁ@ﬂﬁé% tRéreof and
' h $ ent I%ﬁ)&ntlon have been |IIuera ted "
similar fausiggng t8””“? ?r AT AMReHST Y BV LY ik ?Pé‘%zoé's@ﬂu Lpedll pig

considdrbe ‘apeh ehbiet’ t@‘hﬂhgeﬁly ImpMQsemdeESﬂng bhase: oel‘mﬁdigr&@érmally

of” showﬁ g%ﬁ%s@%r&grt k) %%8 gﬁgwgr I r%éwlogwg%a mtgppéeted under 112

sixth parhgaplf omless toe lpbrase)ﬁsea]‘srfed andh aalabsocmgomcglon appear in a claim and

the clale Aaﬁ?t% Qé 8 s%ffrc@hthﬁ cﬁxt@% elrf'oﬁﬂwtsh&gfug Bhe | nvent i on

d herern. ope dPhe STAVERTOn s thus

|nd|cated by the appended clainms rather than by the
foregoi ng description, and all changes which cone
within the meani ng and range of equival ency of the
clains are intended to be enbraced therein. As used
in this disclosure, the term"preferably" is
non-excl usi ve and neans "preferably, but not Ilimted
to." Terns in the clainms should be given their
broadest interpretation consistent with the genera
I nventive concept as set forth in this description.
For exanple, the terns "coupled" and "connect" (and
derivations thereof) are used to connote both direct
and indirect connections/couplings. As another
exanpl e, "having" and "including", derivatives thereof
and simlar transitional terns or phrases are used
synonynously with "conprising” (i.e., all are
consi dered "open ended"” terns) - only the phrases
"consisting of and "consisting essentially of"' should
be considered as "cl ose ended". O ains are not
intended to be interpreted under 112 sixth paragraph
unl ess the phrase "nmeans for" and an associ at ed
function appear in a claimand the claimfails to
recite sufficient structure to perform such function.
18 CLAIM5 What is clained is:

18



1. A sem conductor device, conprising: a conposite
structure conprising a first sem conductor crystalline
material interspersed with a high aspect ratio to a
second material, the conposite structure to have a
pl anar surface; and a strained second sem conduct or
crystalline material over the first sem conductor
crystalline material at the planar surface, wherein
CLAIM he surface of the first sem conductor crystalline
terial has a surface roughness RM5 of 5nmor |ess,
What iagldineddes.ei n an interface between the first and second
sem conductor crystalline materials has reduced
I mpyri tyA%QH&SH&%Ja%HQ\ﬂ@e cgmpﬂ-el.?r?g device of claim 1,
wherein the surface of the second sem conduct or
cryst al | i n@ oeEesiteAttupibiEe nising @dirstsatiiveaductqrgr/sirline material

about 4nMepdpel RSvith A sp3BITRSYS tol ae§e%on@P19fétrlalltr{érHoﬁ{p031te
| ess, about 0.5nmor |less, or no greater than 0.3n

3. The dYUHCEES IXNave ZiPANEr SYRERAM t he i nterface has

r fedulced oimﬁﬁ’”w@é&"{”a %emt@@mmrwsta@mé ma‘ﬂ?riaTB\ﬂetr(ﬂﬂé/ﬁ@te

of claim erein e str al ong a_l ongj t udi na
oot oxeEoaRE! Stamb G Ak ha RATEE sChase Hkeron the durtace
| ongi t udefniad firdi §@6¢dndﬂct@1ﬁr@ﬂl’he&}n@t@@al&:ﬁﬁa sgrface rougr%ness RMS
per pendi ar to the longitudinal. 5 T ce 0
a1 Sl s G b ot SR el Tad gl F Bioons

sem condsﬂmlmrndoctylsd:rwdtéliirmernstebals has e:duemj impsttly @bocentrations.
havk ng af, o@e%@e%gcl%?qf%e?‘ém rs% te Eﬂﬁ géctoﬁct,l semnconductor

sem conduct or crys I ne ma er a
in the d¢rysiailine waterialthes Ristgacesiongroensl BHSoH abou}tsmm dmiem

mat eri al , pGi figy %ﬁl@% %Sélgiﬁ\fﬁh%r%k%dabqyéb Bni e 13 bcﬁftnroag}rgater than

6. The device of claim erelnt substrate is
confi gur@d i th depressions in the substrate, and

whes ei n theyd,Re Wk aba
S o AR A YR B8 R85 0 RS0 RRhely

further CORPHIAPHY a CMOS devi ce integrated with the
subst r atthe dbvicEReciHiavi GtheRdin tﬂeadtrﬁln]is aMﬁ@é@dd@ltu&@ai direction of

crystall Iwggpgrﬁégerp!a%lenélgular tg the Ionggltlu!:ilnal dtrect%’n ar b(cj)th e:llfc?ng and
perpendicular to the longitudinal.
5. The device of claim 1, wherein the composite structure comprises: a
semiconductor crystatline substrate;
an insulator having an opening to the substrate;
the first semiconductor crystalline material within the opening in the
insulator, the first semiconductor crystalline material being lattice-mismatched
with the substrate.
8. The device of ¢claim 5, wherein the substrate is configured with depressions in
the substrate, and wherein the insulator overlies sides of the depression to

form said opening.

7. The device of claim 1 further comprising a CMOS device integrated with the
substrate.

8. The device of claim 1, wherein the crystalline material is a group lHI-V
compound.
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9. The device of claim1, wherein the interface

between the first and second sem conductor

crystalline materials is heat treated for a sel ected

period of tinme at tenperatures between 760 Cto 860 C

in H2 gas. 10. The device of claim1, wherein the

grow ng the second sem conductor crystalline nmateri al

i s strained Ge and the first sem conductor crystalline
grial of .manu

sem Condu@% %%lrv%gto?ug?fm e&%ereaé\ﬂ{rmlé%ﬁ%ce b%w%?n g? ﬁr@‘f’ nopgecond

sem condesstiordgetyserpsialimemsigbals isiast tréaieuirfomg salacted period of

I nsul at otmeStftbr%&gtu?&eJHt\ﬂ&?n b % BUhaCH Qfgdshe

substrate row n | r'st sem conduct B

cry$ial ITWQY@?@? Flaim 1 a'thar@eihﬂ FAwine teedsaspnchsentipanductor

subst r at gy whilift Ratkhf iCRRMJAASe Qlfld B 8ird: eéchéﬁogJEtor crystalline

polishing a top_surface of the first sem conducto

crystal I"(‘ﬂt@”ﬂé‘t%ﬁﬁél'oyand the insulator; growing a

second SEReGRAGHGRANAGUYES @kémﬁsnd‘ti%ﬁo%!r@turevc%p"nelﬁg
polished first sem conductor crystalline material;

and heat i n§rVRESFOISEFEYYtigpCEsipiag 3Hostalg sel ect ed

t enper at ur ermRgee ifwilatdredsiag loﬁ@rulﬁgsttb %Ssuﬁécetch%e substrate; and
interface of the em conduc

rystar |+ nd o s iSRS R AN BroEfd e Ismatehed wit

wher ei n thineullstratel withirctbappersegs dfeiad inagatat;  t errper atures

\?Ete\rl\geﬂ Zﬁ oigﬂiﬁngg%cgp o&ac%gf @82‘(5%3@%@:%%0#& ﬁ@{?%[jnne rmaterial and

cryst al ltheersufatoeri al has a surface roughness RMS of

about 5nm ?Jo&*r@sassecoﬁf’gé%icgmnc%? @t?aﬁ f%ltal &egmg%ohshed

| ess, about 0O, 5Snmor ess‘, or no rear
14. The frgtsR@EodRUCEr &Ivstalline rwteradi andt he interface has

reduced OXy&RRAg 'tHH’dUleﬁe)él tof Of; Qr}?%@te{t @tsE%gt%d tetmber}® range to

met hod of claiiml wher el n second sem conducto
cryst al I'Bgee ”ﬁfﬁ*ﬂré'ﬁﬁ at the énterfagetaf & firgt ang sagand gemiconeuptar

al ong acws{amtnedﬁgt@q:ggl on relative to the opening,
al o econd direction perpendicular to the first

di rBot i e dretBriFam di nviiareinthe Reatigg gorgeiisgm feating at
d| rect| Q@ﬁperé@resﬂmg@ﬁﬂmdcat, ggd)en;m 11, wherein the

oReBL PN BB H S S phDo bERiconaucr

conpr i sicngtdlioematgishhas a surface roughness RMS of about 5nm or less,
about 3nm or less, about 1nm or less, about 0.5nm or less, or no greater than
0.3nm.

14. The method of claim 11, wherein the interface has reduced oxygen impurity
concentrations.

14, The method of claim 11, wherein the second semiconductor crystalline
material is elastically strained at least along a first direction relative to the
opening, along a second direction perpendicular to the first direction or along
both the first and second directions.

16. The method of claim 11, wherein the openings have an aspect ratio sufficient
to trap defects in the crystalline material, and further comprising forming a
semiconductor device at least in part in an opening.

17. The method of claim 11, wherein the heating comprises heating at a
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sem conductor device at least in part in an opening.
17. The nmethod of claim 11, wherein the heating
conprises heating at a 20 tenperature range

i ndependent of a tenperature used in the growi ng a
second sem conductor crystalline material. 18. A
nmet hod of manufacturing a sem conductor structure
conprising: epitaxially growing by CVD a first

sem con tallij ' Lshe ,
sur t ace Sralg 8 ndoBEdIRL 83 @lopRuRe B FGrowing o
cryst al | $asendragreicoraiuctoespeisibee metehielh an openi ng of an
| NSt oL imcfHil & hRARNLBGA P sHRb AUEhr SWIAAE Bofrising.
heating to reduce an oxygen Inpurity concentratioh

bel ow a pr éBiEpsalearomngdly. Cvl9 a fitsh semisppgios ervetalingnmpgerial on a
wher ei n gdigndd dupface bYIEEES- M BRI defHiconudor®ndineaterial
el enent or conmpound including at |east one group IV

el ement . SXPOSEAWENHER PRADINGFOf SRR Aidrs 18, wherein
t he gr oW ng|eghifg tHeolishHdaSudicmybatisd (abORY fxQfer@impurity
Si Ge all oOy. 21 ,
concentration below a prescribed level.
19. The method of claim 18, wherein the first crystalline material is a group IV
element or compound including at least one group IV element.
20. The method of one of claims 18, wherein the growing step includes growing

strained Ge on a SiGe alloy.
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